Background The present study was aimed to evaluate the role and safety of surgical lung biopsies (SLB) in patients with interstitial lung disease (ILD) in China. Methods A retrospective analysis of 418 patients with ILD undergoing SLB from Chinese literature and the data of our hospital during the past ten years was performed. Results A total of 418 cases underwent SLB, including open lung biopsy (OLB) in 229 cases and videoassisted thoracoscopic lung biopsy (VATLB) in 189 cases. SLB yielded a specific diagnosis for 88.0% cases, and unclassifiable idiopathic interstitial pneumonia diagnosis was seen in 9.1% cases. The total postoperative complication rate was 12.0% and mortality rate was 1.9%. The diagnostic yield, post-operative complication rate, and mortality rate between VATLB and OLB had no significant difference. Conclusion SLB is a very useful and relatively safe procedure for diagnosis of ILD.
Introduction
Interstitial lung disease (ILD) is a generic term representing a heterogeneous group of lung disease classified together because they share clinical, roentgenographic, and physiologic features. Over 200 different clinicalpathologic entities remain in the differential diagnosis of ILD, complicating the identification of a precise etiology. Surgical lung biopsy (SLB) encompasses both open lung biopsy (OLB) and video-assisted thoracoscopic lung biopsy (VATLB) procedures for obtaining large samples of lung tissue necessary for diagnosis and staging of disease activity in patients with ILD (1, 2) . However, the role of this procedure remains controversial, and SLB is still not widely used in China. In this study, we performed a retrospective cohort analysis of 418 patients with ILD who underwent SLB in China to evaluate the role and safety of SLB.
Materials and Methods

Selection criteria
Inclusion criteria: Medline, Wanfang database, VIP information and Chinese hospital knowledge database (CHKD) for Chinese articles about ILD cases who underwent SLB published from January 1999 through January 2009 were searched, using the search terms "surgical lung biopsy", "open lung biopsy", "video-assisted thoracoscopic lung biopsy" and "interstitial lung disease". The cases with ILD undergoing SLB in Nanjing Drum Tower Hospital at the same time were added. No chronological difference in performing of VATLB or OLB was found according to the above literature, though the technique and management of VATLB have recently improved.
Exclusion criteria: (1) Overlapping cases reported by different authors and from different points in the same hospital; (2) The reported cases failing to separate SLB from transbronchial lung biopsy (TBLB) or CT-guided percutaneous transthoracic lung biopsy; (3) The reported cases of a single kind of ILD which only concluded the diagnosis and treatment of one disease.
Outcome definitions
The definitive diagnosis was made based on clinical, imagiological findings and histological outcome obtained by lung biopsy. The post-operative complications included 30day postoperative mortality from any cause, fever (the temperature increased over 1 compared to that before operation), pulmonary infection, pneumothorax or prolonged air leak (chest tube in place for !5 days), pleural effusion (need thoracentesis or thoracic drainage) and respiratory failure (need mechanical ventilation postoperatively) and so on.
Statistical analysis
After a detailed review, total 418 cases including 387 cases in 16 studies (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) and 31 cases in our hospital met the inclusion criteria. No overlapping case was found. All statistical analyses were performed with SPSS 13.0.
Results
Clinical findings
There were 418 cases in this study, consisting of 245 men and 173 women, ranging 16 to 76 years.
Surgical methods
VATLB or OLB was chosen according to the patient's condition and aspiration. SLB was usually performed under general anesthesia. In all 418 cases, 229 cases underwent OLB and 189 cases underwent VATLB. The site and number of lung biopsy specimens were determined by the findings on the computed tomography (CT) scans. Biopsy specimens from 1-3 separate sites are usually preferred. The number of specimens was reported as follows: 1-2 specimens in 5 articles, 1-4 specimens in 1 article, 2-3 specimens in 4 articles, average 2.2 specimens in 1 article, and 3 specimens in 1 article. In addition to one specimen from lung, one piece of parietal pleura was taken at the same time in another article. The number of specimens was not reported in 3 articles. The biopsy location was mentioned in only two articles. In one article all 7 patients underwent SLB from the right lung. In another article, the specimens were taken from the right lung in 23 patients, left lung in 6 patients, and bilateral lungs in 1 patient. In patients from our hospital, the biopsy sites were located in the right lung in 23 patients and in the left lung in 8 patients; the numbers of specimens were a single biopsy in 8 patients, double biopsies in 19 patients and triple biopsies in 4 patients.
Clinical-radiological-pathological diagnosis
The clinical-radiological-pathological diagnosis of 418 cases after SLB is shown in Table 1 . Diagnosis was confirmed by SLB in 368 patients (diagnostic yield 88.0%). In addition, of 175 patients with idiopathic interstitial pneumonia (IIP), 38 patients could be diagnosed as IIP but unclassifiable, which accounted for 9.1% of all patients. Twelve patients (2.9%) did not have a definitive diagnosis. IIP was most frequently noted (41.9%), followed by primary and metastatic lung cancer (24.1%) (See Table 1 ).
Accordance rate of pre-and post-operative diagnosis
Only three articles showed the accordance of preoperative and post-operative diagnosis. Of 59 cases, 17 cases of post-operative diagnoses were consistent with preoperative clinical-radiological diagnosis. In the 31 patients from our hospital, 6 cases of post-operative diagnoses were consistent with pre-operative clinico-radiological diagnosis, 8 cases with IIP had clear pathologic types after SLB, 2 cases with IIP were unclassifiable, and 5 cases had different diagnoses after SLB. So the accordance rate between preoperative and post-operative diagnosis was only 25.6% (23/ 90) in present study.
Post-operative complications
In the 418 patients who underwent SLB, the total postoperative complications occurred in 50 patients (morbidity rate 12.0%), in which 8 cases died (mortality rate 1.9%) ( Table 2) .
Comparison between OLB and VATLB
In 418 patients, the diagnoses of 200 patients were reported by OLB, the diagnostic rate was 92.0%; the diagnoses of 129 patients were reported by VATLB, the diagnostic rate of diagnosis was 89.1%. There were 89 cases which were not distinguished between OLB and TBLB. Sixteen post-operative complications including 3 death cases of 196 patients were reported by OLB, the complication rate was 8.2% and the mortality rate was 1.5%. Eight post-operative complications including 2 death cases of 139 patients were reported by VATLB, the complication rate was 5.8% and mortality rate was 1.4%. The difference between OLB and VATLB group was not statistically significant (Table 3 ). T a b l e 3 . Co mp a r i s o n b e t we e n OL B a n d VAT L B Gr o u p 25.6%, which suggests that SLB is imperative for the diagnosis of ILD. SLB is often considered essential for the definitive diagnosis of patients in which clinical or radiological findings are atypical or when the presumptive diagnosis has a low degree of certainty (19) . The diagnostic rates of SLB varied from 34% to 100%. After the ATS/ERS 2002 classification of IIP, the diagnostic rates of SLB were even higher than 90% (average 92%). Therefore, it is thought that the SLB procedure has the highest sensitivity and specificity in the diagnosis of ILD (20) . In this study, SLB yielded a specific diagnosis for 88.0% cases, and an unclassifiable idiopathic interstitial pneumonia diagnosis was seen in 9.1% cases, but 2.9% cases had no specific diagnosis, which is similar to the findings reported by others. Ooi and colleagues reported that all 70 patients with ILD undergoing SLB had sufficient provision of material for histological analysis, but 13 patients (18.6%) had a histological diagnosis of unclassifiable diffuse lung disease despite an adequate biopsy (21). These results suggested that not all patients with ILD can obtain a definitive histological diagnosis despite undergoing SLB.
Discussion
T a b l e 2 . P o s t -o p e r a t i v e Co mp l i c a t i o n s o f S L B i n 4 1 8 P a t i e n t s
Although the reported range of ILD undergoing SLB was quite different, but the most common disease was still IIP. In this study, the range of ILD by SLB was similar to the other study (22) 
. However, it should be noted that lung cancer and infectious diseases accounts for nearly one-third of all cases in this study. In fact, the majority of these patients usually could obtain the diagnosis by minimally invasive technique such as TBLB and BAL. Although TBLB do not allow a specific diagnosis of IPF or other IIPs, with the possible exception of COP, it can give a specific diagnosis in 29%-79% of ILD cases (23). It is suggested that specifically high yield and low risk methods such as bronchoscopy, BAL, transthoracic needle biopsy and especially TBLB should still be considered as initial diagnostic tests for patients with ILD (1).
Thoracotomy for OLB has been the standard surgical approach for many years. Recently, the use of VATLB for diagnosis of diffuse ILD has increased. However, a standard thoracotomy is recommended in cases of dense pleural adhesions, severe hypoxia, respiratory failure, pulmonary hypertension or anticipated bleeding problems (22, 24) . Ayed and Raghunathan reported that histopathologic diagnosis was obtained for 31 of the 32 patients undergoing VATLB, with a diagnostic accuracy of 97%, and 27 of the 29 patients who underwent OLB, with a diagnostic accuracy of 93%, but the difference was not significant (25) . In a randomized trial of VATLB versus OLB for diagnostic lung biopsy in ILD, no difference in post-operative pain, narcotic requirement, operation time, adequacy of biopsy, duration of chest drain, length of stay, spirometry, and complications were demonstrated (1, 26) . In the present study, the diagnostic yield, post-operative complication rate, and mortality rate between VATLB and OLB had no significant difference. Consequently, we would agree that both OLB and VATLB are acceptable choices for diagnostic lung biopsy in ILD.
Regarding the number of samples taken, some researchers concluded that a single (>2 cm diameter) specimen obtained from a region of the most radiographically involved lobe provided adequate tissue for diagnostic purposes. However, most researchers believed adequate samples from two different lobes from areas of visually and radiographically active disease, in addition to less involved or normal appearing areas adjacent to or remote from sites of active disease, enable the pathologist to achieve the highest diagnostic yield (27) . In our studies, 1-4 biopsy specimens were taken, two or more specimens were taken in most reports, but one specimen was reported in some articles. Most of these cases including one specimen taken obtained definitive diagnosis; it seemed that one biopsy sample could also meet the diagnostic purpose. However, a discordant pattern namely, UIP reported in one biopsy sample and NSIP reported in a separate sample from the same patient was observed in 21% of 171 cases in one study. Studies showed that, in these discordant cases, the clinical course and prognosis followed that of patients in whom multiple biopsies were all concordant for UIP. It is suggested that there are more chances of yielding specific diagnosis if more than one biopsy is carried out (23). SLB in patients with ILD poses a relatively low risk. The mortality rate is less than 2% in most reports, and complication rates generally range from 5% to 10% (2) . A metaanalysis of 2,223 patients in 22 studies published in English from 1995 to 2005 showed a composite post-operative mortality rate of 4.5%. The complications included prolonged (> 5 days) air leak, readmission for pneumothorax, hemorrhage and prolonged pain. Patients with advanced age, extreme hypoxia, requirement for mechanical ventilation, pulmonary hypertension, a bleeding diathesis or immunosuppression are at higher risk of complications from SLB. SLB occasionally may trigger an acute exacerbation of usual interstitial pneumonia (24, 28). Our study showed that the complication rate was 12.0% in 418 patients, and the morality rate was 1.9%, in which 2 cases died of acute exacerbation of usual interstitial pneumonia. It should be noted that the death of one case with acute interstitial pneumonia, which belonged to postoperative complication according to the definition, could be natural course of the diseases. These results were similar to those reported above. Despite the certain risks, the present findings suggest that SLB is relatively safe diagnostic tool in the management of ILD.
There are several limitations to this study. First, we could not collect all cases with ILD who had undergone SLB in China, because some cases were not contributed and published. Secondly, we could not obtain comprehensive dates about those cases, because the information was retrospectively obtained from published literature. Thirdly, perhaps there was bias in part of our statistical results, because the diagnostic criteria and physician's experience differed in various hospitals. Fourth, we could not compare the diagnosis by SLB results with the diagnosis by radiological findings and other minimally invasive techniques, so that we could get a better conclusion about SLB superiority in the diagnosis of ILD. For this reason, multi-center, randomized prospective studies on SLB should be undertaken in the future to obtain a precise conclusion.
In conclusion, the present study about the patients with ILD undergoing SLB in China showed that SLB is a very useful and relatively safe procedure for the diagnosis of ILD, but SLB continues to be underused in China, so we should readily summarize experiences and enhance the understanding of SLB. For patients with ILD undiagnosed by clinical, radiological and minimally invasive procedure, pulmonary physicians must weigh the potential benefits of obtaining a precise diagnosis against the risks of the procedure and decide whether to pursue SLB (2, 22 
